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Process for the preparation of mycophenolic acid and deriva- 
tives thereof 

This invention relates to a microbiological process for the 
5 preparation of mycophenolic acid of the formula (I) 




(wherein R, means methyl group and R 2 stands for hydroxyl group) 

10 and derivatives thereof [in the formula (I) Rj means methyl or hy- 
droxymethyl group and R 2 is an amino group]. Mycophenolic acid 
of the formula (I) [(E)-6-(l ,3-dihydro-4-hydroxy-6-methoxy-7- 
-methyl-3-oxo-5-isobenzofuranyl)-4-methyl-4-hexenoic acid] is 
therapeutically used due to its immunosuppressive effect. 

15 Mycophenolic acid had been first reported in 1896 in the fer- 

mentation broth of Penicillium glaucum [E. L. Jones et al.: J. In- 
vest. Dermatol. 65, 537 (1975)] and later it was isolated also from 
the fermentation broths of other species of the Penicillium genus, 
e.g. P. brevicompactum, P. stoloniferum, P. echinulatum, P. ro- 

20 queforti and P. viridicatum. The structure of mycophenolic acid 
was determined by J. M. Birkinshaw et al. [Biochem. J. 50, 630 
(1952)] in 1952. After the discovery of mycophenolic acid its anti- 
bacterial activity was also described, but pathogenic Staphylococ- 
cus strains rapidly became resistant to it; therefore, it was not fur- 

25 ther developed in this field [E. P. Abraham et al.: Biochem. J. 39, 
398 (1945)]. The antifungal activity of the compound against some 
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Epii ern>o P Hy t on and TricHopHy.on ..rains was a.sc shown. Simi- 
,„.y, its antiviral effect was a.so proven in.er alia on .he Herpes 
J P ,e* v,rus [R. H. Williams e. a., ,. Antibio, «. ««3 (»«>]• 
Likewise an antitumor ac.ivi.y of i. was published, which was be- 
5 gun .0 be intensively studied in .he recent years [Y. Std, e. al.: Br. 
, Cancer 58, 61 (1988)). Ha morpholinoethyl ester derivafve de- 
scribed in the second half of the eighties has been approved for 
therapeutical use as an immunosuppressive agent. 

The wide-range biological efficiency of mycophenolic acd can 
,0 be explained by its inhibi.ory effect against .he activity of the ,n- 
osine-5'-monophosphate dehydrogenase and guanines-mono- 
phosphate synthetase enzymes, which results in a decrease of the 
guanine synthesis. In some cells the guanine synthesis can be ac- 
complished also in an other pathway by .he hypoxan.hine guamne- 
,5 -phosphoribosyl transferase enzyme. This enzyme is absent, how- 
ever, from the T and B lymphocytes and, therefore, .heir growth .. 
selectively inhibited by mycophenolic acid. 

A. the beginning of .he 1970s a number of mycophenolic acd 
derivatives have been prepared. Modifica.ions were made both on 
20 the isobenzofurany. ring as well as the 4-me.hyl-4-hexe„oic acd 
side chain by microbiological as well as chemical means [D. F. 
Jones et al.: J. Chem. Soc. 1725 (1970)]. Some mycophenol.c acd 
derivatives have shown an activity approximating .hat of mycophe- 
nolic acid [M. J. Sweeney e. al, Cancer Research 32, 1795 (1972)] 
25 in an.itumour tests. There were mycophenolic acid derivatives 
which exerted a higher inhibi.ory effect on inos.ne-5'- 
monophosphate dehydrogenase than mycophenolic acd [M. J. 
Sweeney e. al.: Cancer Research 32, 1803 (1972)]. 

In one aspect the invention aimed a. the selection and gene.tc 
30 improvement of a microorganism, by the use of which mycopheno- 
lic acid can be produced more advantageously in comparison to the 
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processes >tnown in .he literature. From an other aspect, ,he inven 
ton aimed a, a microblo.ogica, of prepar.ng - 

acid and novel, po.en.ia.ly therapeu.icaUy effect.ve mycophenoltc 

acid derivatives. 

I„ the coarse of our inves.tgat.ons for the search 

of mrcrobio.og.ca, origin, microorganisms isolated front so,, 
s Lp,es couec.ed a, various geographica, sites were 
Wi,hin the framewor* of the an.ifunga, screening program a funga, 
strain was isoiated, the fermentation hro.h of which conta.ned tny- 
cophenolic acid. A mutant strain producing high concentrate of 
r^cophenolic acid was prepared from this strain hy us.ng muta- 
lion .se.ee,io„ methods. Ultravide, irradiation and N-methyi-N- 
. nitr o-N'-ni.rosoguanidine were appHed as mutagenic agents. 

Tne biosynthesis of mycophenolic acid has been descnbed tn 
; the cases of PenicUHun g ,aucu m . Penicitliun, s.olontferu*. Pen,- 
cillium b re„a^, PenicUUu* sc. b r um , PenicU^ na^. 
Penlci Uiu m pa.r^ei, PenicUUun griseoo— and P„«.H»- 
vtrU ,ou. strains. In ,he course of the biosynthesis of mycophe- 
„„,ic acid the isobenzofuran moie.y of .he moiecu.e is formed tn 
0 way different from the side chain attached thereto. The b.osyn.he 
ais of the side chain follow, .he synthesis of ,he s.ero.d sUele.on 
up .0 farnesyl pyrophospha.e. The isobenzofuran moie.y is formed 
from one ace.yl-CoA and .hree malonyl-CoA-s. The me.hy. group 
on the aromatic ring is incorpora.ed from S-adenosy.merhtontne 
25 in ,o .he molecule. Farnesyl pyrophospha.e, from which .he s.de 
chain of mycophenoUc acid is formed after splitting off a 8- 
.tnembered chain, is attached to C-6 of the isobenzofuran r.ng^ 
las , step of the biosynthesis comprises the formation of a me.hoxy. 
gr „up from S-adenosy,me,hionine (W. L. Mu.h e, a., An.im.cro- 
30 bial Agents and Chemotherapy 8, 321 (1975)]. 

All mycophenolic acid producing strains descnbed tn the 1,.- 
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erature belong to the Asymmetrica section within the Penicillium 
genus. Based on the taxonomical determination the strain isolated 
by us belongs to the Monoverticillata section within the Penicil- 
lium genus and can be classified to the Penicillium waksmani spe- 
5 cies, the mycophenolic acid-producing capability of which has not 
yet been published in the literature. 

The taxonomical determination is given in the following. 

General cultural-morphological characteristics : 

The novel strain isolate is a characteristic representative of 

10 Penicillium genus in the aspect of building up of its conidiophores 
and the arrangement of branches, metulas as well as fialides 
thereof. Its sporuling air mycelium is usually velvet-like, well de- 
veloped. In a mature state it is dark brownish-grey in a starch + 
ammonium sulphate agar; light brownish-grey on Sabouraud's 

15 peptone + glucose agar; dark grey on Sabouraud's glucose agar; 
light green on asparagine + glycerol; brownish black on Czapek's 
(nitrate + sucrose) agar with cattle blood; dark brownish grey on 
the simple Czapek's agar; darkening green on the malt agar; dark- 
ening brownish grey on the malt extract + yeast extract + glucose 

20 agar; dark brownish grey on oat flake agar. In the beginning, a 
large number of hyphes is frequently green or bluish green on cul- 
ture media, where the mature air mycelium is grey or brownish 
grey. In general the substrate mycelium of the strain is colourless 
or pale yellowish-brown. Production of a soluble pigment could not 

25 be observed on any of the media. The surface of the colonies is less 
wrinkling. The average thickness of the air mycelium does not ex- 
ceed 1 to 3 mm. The production of melanoid pigment (tyrosinase 
activity) is negative. 

The length of conidiophores is extremely various: they fre- 

30 quently grow out directly from the substrate mycelium, another 
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ti „ ,hey are side embranchments of a longer axia, fi.atnen. (see 

" re I conidrophore types of a to f; a, d, e and f on 
g cere, agar; » on maL agar; whi.e e on starch ♦ » " 

phate agar; g is a conidium chain). The strain ean be cLss.f.ed ,n,o 
5 h ; group of M.no^cU.a.a spee.es, considering .ha, .n over- 
whelmin ma j0 ri,y i« hears brushes cons.s.ing of a singie f, 
wh or,. Brushes of .his MonoverUdUa.a type are very frequently 
arranged in a "divaricata" manner (see Figure „. Conid.ophores 
W . «n a.so he observed in eaeh ease separa, 
,0 (see Figure 1). The wborl. eons.rued by fiaiides ean be 2 to 8 (m 
1 ( Z m L eases 3, membered. The conidia are round, in .be mos 

number of individua. conidia in .he conidium chains may surpass 
20. 

15 Physiological properties: 

Aeseu.in hydro.ysis: positive. Produe.ion of hydrogen sulfide: 
« 8 a,ive. Nad toierance: up to 3 % as a maximum. pH-.o.erance: 
from 3.0 to 9.0. The formation of nitrite from nitrate, evolv.ng of 
ammonia or gas could no, be detected. CataUse test: positive. Ox, 
2 „ aase test: positive. Urea decomposit.on: positive. Leei.b.nase and 
ge.atinase activity: positive. Starch hydrolysis is weak. Tween-20 
Uo.ysis: positive, but the hydrolysis of Tween-40 and Tween-60 
very weak. From the sodium salts of organic acids it grows ad- 
vantageously on benzoate, saiicyla.e, weakiy on aceta.e, tar.arate 
25 and succinate. It does no. grow a, all or on.y in traces on malona.e, 
pyruvate, lactate and citrate. It excellently utilizes glucose, fruc- 
tose, arabinose, xylose, rhatnnose, sucrose, raff.nose, manntto! and 
inosi.o,. A s,rong acid production was observed (by using bromo- 
c reso,pur pl e indica.or on the cuUure media of R. B. Gordon): on 
30 gtucose, sucrose, rhamnose, dex.rin, meHbiose, mal.ose, raff.nose, 
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fructo se, — inuHn, g.ycero,, >y>ose, du.cHoi and — 
Th e acid production was wea, on ga.ac.ose, arab.nose and sahc. 

Taxonomical position: 

The mycophenolic acid-producing PenicilUum strain isolated 
by us can be considered to be a near variant of 

• , This identification is also verified by the data of 
waksmani species. This idenuiifc* 

Table 1 below. 

Table 1 

A comparison of the standard description of ,....«/«.- 
w.tb the diagnostic^ characteristics of the nrycophenoitc actd- 
-producing PenicilUum strain isolated by us 

Novel PenicilUum 
PenicilUum waksmani I isolate 

green-*oily grey->grey j green->grey-> 

brownish grey 



Colour of mature aerial 
mycelium 



Substrate mycelium 
Soluble pigments 



Form and size of conidia 



colourless 
none 
round; 2 to 2.5 \im 



Brushes consisting of a 
single fialide whorl 



Conidiophores of Biverti- 
cillium type 



j colourless 
none 
round; 2 to 2.5 ^m 



I prevailing type 



occur 



15 in one aspect the invention is based on the recognition that the 

my copheno,ic acid-producing PenicUUu. »ak,n,ani 
by Z wbich was depostted under No. NCAIM („F 00,26, a, the 
Nariona, ejection of Agricu.tura, and Industriai Microorgan.sn, 
produces high concentrations of mycophenoiic acid under suttabie 
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fe „nen,a ti on eondi.ions af.e, deve.oping by 

"Tunher ,he invention is base, on .he recognition rha, .he 
J U o f S,rep,o m yees gri ^r Ho. 1/6 

poind of genera, —a (I), wherein R, means ««M or hy- 
droxymethy, group and R, stands for amino gronp. 



10 



15 



20 



25 



Taxonomic description of the Streptomyces strain No. 1/6 

Cll.r.l-o^olo.lcl gnostic properties: On oatmeal 
agar a well developed aerial mycelium of typical red colounza on 
, v,. »Cinnamomeus"-colour-series) covers the sub- 

(Red-colour series, Cinnamomeu 

, f,r. The colour of the latter is yellowish. Solu 
«trate mycelial surface, lne coium 
pigments are no, visib.e. Observing the red spore mass, the o 
cu„e.ce of many Retinacuium apertum-.ype sporophores can 
detected On CzapeK-agar: The coionies are charac.er.zed by 
y developed reddish aeria, myce.rum, reddish-yeUow su - 
e lycelium and fain, reddish diffuse pigments. On potato 
1 th e brown snbstrate myce.ium is covered by redd.sh aerta 
e-mass, whi,e the co.our of the potato »— 
r d. On soy-peptone agar nnder the w... 
my celiu m , the snbstrate myce.ium as we,, as the medtum 
Jown or b,ac k . On mala.e agar p.ates Ore yeUow.sh aena, myce- 

• ,d mos.lv sterile and under the brownish subs.rate my- 
Hum remained mostly siemc a 

celium .he diffusion of an intense reddish brown soluble p.gmen. 
J v be observed. On yeast-iron agar strain Ko,/6 shows extreme 
positive me,anoid pigmen. produc.ion. Simi.ar.y. proved ,. 
chromogenic also on .yrosine agar bu. with weaker intensUy. 

, „,.. strain No 1/6 does not decompose 

Physiological properties. Strain mo. 
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celluloS e. Po Si ,we ot ;;:;;:; h ;:; 

nos e and i-inosito.. furthermore reUt.ve.y J* • o ^ 

5 Ration, with ^ was ^ 

r„«« «« P— • St " " Red . series> colour of the substrate 

- CO,OUt " t d eddUh oluble pigment) charac- 

myC elium: yellow-brown + red redd s ^ , 

teriz ed with Re.inacu.um apertum sp.ra.e sp P 
•arable cultural-morphological Bim.Ur.ty to 
,0 considerable cul ( and Saburi (1 955) which be- 

longs to the C.u . n7 _ lg31 , 891 (l991) , Re- 

of Kampfer et al. V- <^n. mi flITther studies 

gardi ng some physiologica, differences, however, further 
will be necessary to clarify its closer reUtionsh.ps. 

T «..«l« description of the S,r «- "»» 

TJ. irlVbT Itti; lrac,eri Z ed according to the 
gra y,sh and c n no ]nUrnaUonal streptom yces Project 

d — fnt. , Syst. Bac, «. 3,3-3.0 0^. 
"rrd Jg to the resets of microscopic observations the yP ae 
prove d ,o be s,e ri U, their differentiation into 

e no. observed. Medium development of the substrate my 
„,d„ were not observ vel , owish . brown solub.e pigments 

celium and production of light yellow.sn 

„ere detected. On yeast extract- mal. extract agar weahly de 
op ed white and sterile aerial mycel.um, reddish-brown subs, t 

, * lieh. yellowish diffusible pi g ments were observed. 

my cel,um and Ugh. ye ^ ^ deveioped dark 

On inorganic salts - starcn ag v 



15 



20 



25 



30 
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r ,™ was covered with relatively more 

de ve.oped aer.a, myceUum he °o ^ apertum , yP e) 

into a yellowish-gray mass of snort ^ 
J" J s orophores spo.es of smoo.h surfaces. 

„t detected The cultures of this strain 
c-.i^v.le niements were not detected. 
' Jlcea bo, on pep.one-yeast-iron agar and .yros.ne agar 

oark h „. or Mac, me.anoid _ on cel . 

Physiological properl.es: Good growtn 
luloS e, bu, without the visib.e deg,ada,ion of .he 
0 ,« nitrate broth it showed good growth, hut the presence of n t t.es 
ammonia or development of gas were no. detected. It proved to he 
ammonia or ue f between 
able to tolerate NaCl concentrations to 6 /., and pH 

and ... Positive aescu.ine hydrolysis- and urease-.es.s were d - 
tect ed Good growth was observed with g.ucose, fructose arabt- 
15 J *y,ose, rhamnose, sucrose, mannitol, raffinose and meso- 
li'to. as sole sources of carbon in the medium. Wea* grow, wa 
Served with Wa-ci.rate, Ka-malona, Na-^va e Ca- = 
and Ca-succinate. The growth was only in traces witn 
Na-tartrate and Na-benzoate. 

To.onomU posiUon: Although the correct identification of he 
colour of aerial myce.ium was no, possib.e, on ,he has.s of ,he 
mos, important diagnostic properties we can designate ,h.s stratn 
as a weakly sporu.ating variant of the species Sirepiomyces res, - 

. , , • inci (str violaceus according to Kampter 
tomycificus Lindenbein, 1952 (Mr. vioiu 

25 " al ;r.he invention refers to a microbiological process for the 
preparation of compounds of the general formula (I), 
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r\ 


I 


O 






T 






O 


OH 





wherein K, means tneth y . or h y dro* y tne,h y , group -* ^-J* 
hyd rox y . or amino group, which comprises growtng a Pen, U,u 

22-C ,o 30°C on a cuHure medium con.aintng ass.m.lable carbon 
I ni.rogen sources as .... as minora, ...... separating .he con, 

old o f genera, formu.a (I), —in R, means -h y ' group and 
Rl s ,ands for h y drox y , group, from the fermentat.on hroth and, 
,0 desired, purifying it and, if desired, fermenting .. 

b y using the cuhures of the S,re„es g r,seoru„er No. 1,6 
a Unomvcete strain deposited a, the Nationa, CoUect.on of 
Agri cu„ura, and Indus.ria, Microorganisms as S.rep.onyces 
sp No 1/6 under No. NCAIM <P)B 00,275 to prepare a com- 
pound of genera, formu.a (I), wherein R, means me.h y , group 
and R, stands for amino group; or 
b) by us, : ng the cuhures of S,re P ,o m yces resis.o.ycificus ac.tno- 
myc e,e strain No. 1«. deposited a, the Nationa, CoUecUon of 
Agricuhura. and Industria. Microorganisms under No. NCAIM 
M (P)B 00,276 to prepare a compound of genera, formu.a (I). 

wherein R, means h y drox y me,h y . group and R, stands for 
amino group 

on a cunure medium containing assimi.ah.e carbon and n-.rogen 
SO arces as we,, as minera, sa.ts under sunh, aerated condit.ons up 
25 ,o comp.etion of the byconversion, .ben separating the compound 
of genera, formu.a (!) formed from the cu.ture and, if destred, pur,- 
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fying it. 

wording .o .he invention, .he cuUures of Pe.icU.u. 
k Z sin advantageous,, utiiizing g.ucose, maUose, so- 
^ cl, ma« — - water-.o.uMe starch « ~- 

sour ces U used for .he production of 

, . mea. extract, casein, trypcasin, soybean Hour, corn 

r — - — -~ - b * used as 

" iU ZlZ , the above carbon and nrtrogen son.es minora, 
..„. ..... magnesium suifate, amino acids, vitamtns and ant.foam 

Hents, Ly a.so he present in .he cu.ture media used f or prodnc.n g 

mvcophenolic acid. 

Lording to a preferred embodiment of the process of tnven- 
tion for the preparation of mycophenoUc acid, a spore suspensron 
s ,. prepared with distiUed water from the s.an. agar cuUures o 

Agri cnn«ra, and Indnstria, Microorganisms nnder No. NCAIM („F 

mycophenoiic acid. After inocu.ating 5 m, of this spore snspens.on 
)0 into a seed cuHure medium, a productive cul.nre medium 
la ,ed witb the 3-day inocu.um cuiture grown a, UK - 
erab.y a, 2S-C. then incubated a, 22*C to 2.-C. preferabiy a, 25 C, 
for 7 days. The cuUivation was carried ou, under aerobic condt- 
ti ons, during which the pH vaiue changed between 3.5 and 7.5. n 
25 th e ma,n period of fermen.ation the a.r in,e, was .20 .hour, .he 
ra te of stirring was 400 revolutions/m.nute. 

Duri ug the fermenta.ion the actrve substance content of 
fermentation broth was determined by using high pressure ,„..- 
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thin layer chroma- 
v, , /uplC) or densitometry after thin lay 
chromatography (HPLC) conC entra- 

hv (ThC) When the culture contained the high 
tography (TLC). fermentat ion was stopped. For the 

ti on of mycophenolic acid, the ferm centri fuged 
ana lyses hy P^ssnre II,..* 

5 supern atants of fermentation broth .-^"^ system; 
with methanol were applied ^uipment. LKB 

column: Nucleosil C.. 5 , m (BST); — ^ ° 

„ nx4 6 mm; thermostated at 25 U ™ 
an a)v«ical eo.umn. 250x4.6 m dis , jlled wale r adjusted to P H 

* ♦ T?8 nm- eluent: acetonitrile auuiwu 
menta * 238 n ' .. , 60 . 40) . flow rate: 1.0 mi/min; injection 

in 2 with phosphoric ac.d (60.40), no 

Lnte iOj. The retention tinte o.n.copheno.icacd.s.S, 

minutes in this system. 

A ccotd,n B to a preferred emhodimen, of the proce s of nv „ 
tion for the prcpararion of a conrponnd of B enera) - 

a v ctands for ammo group, a 
is wherein R, means methyl group and R 2 stands 

1 • s ore pared with distilled water from a slant agar 

spore suspension is prepared w 

lore of the ^oru.er strain No. . «. A «d 

cult ure medium was inocuiated wirh this spore snspens.on, then a 
ro duc,We cuHure medrum was inocuiated with the 3-da, , tnocu urn 
f 1 _ , , ot oRor which was then 

ot ?s°C to 37°C, preferably at 28 C, wnicn 
20 culture grown at 25 C to 37 P ^ 

incubated at 25»C to 32«C, preferably at 28 C, 3 

• j to the culture, the cultivation was con- 
adding mycophenolic acid to the cultur 

tinued for additional 7 days. 

A ccordin g to another preferred emhodimen, of the process of 

25 inv ention for ,he preparatton of a compound of g enera, fornru.a ,.). 

25 invention ^ t ds f or amino 

wherein R, means hydroxyme.hyi group and R, stands 
group , a spore suspension is prepared with distU.ed water from the 
an, asar cuUure of .he S, e „es res^yc^s stra.n No. 
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mt A seed culture medium was inoculated with .his spore sus- 
Ten a productive culture medium was inoculated w,,h .ha 
penston, .hen a pro prcfet ably a. 28-C, 

3-day inoculum culture grown a, 25 C 

for 3 days. After adding mycophenolic acid to the culture, 
„„ nf i nne( l for additional 7 days. 

examples. 

Example 1 

The P„ <e ilB- ' " Strai " tNCAIM ' P)F 

00,2o 91 hiosyn.hesUing mycophenolic acid in a hig> , concentra ..on 

was prepared in a mutation-selectioo -penmen, an 
me ans of N-me.hy.-N-ni.ro.N--ni,rosogua».d,»e. The my oph 

acii Mosynthesising P«.«««H« "*««»' ■ S °'^ d f '° m 

, soil sample was grown on MS agar slant at 25"C 
Composition of the culture medium MS: 

4 g 

glucose 

B 10 g 

malt extract 

4 g 

yeast extract 

y 20 g 

agar 

in 1000 ml of distilled water 

The spores were washed off from the agar slant cu.ture w.th 5 
BI of a sterile 0.1M phosphate huffer (pH 8.0). To the spore sus- 
Tension K-me.hyl-K-nitro-M-nitrosoguanidine was added ,n a f.na 
20 concentration of 1 mg/ml. The suspension was shaken ■ 

15 0 rpm for 35 minu.es. Suhse^ucnUy, the spores were segmented 
by centreing a, a rate of 5000 rpm and then resuspende u . ~ 
„. distined water. The suspension was spred on.o MS agar a , 
After .ncuhating .he plates a, 25 -C for ,0 days .he * 
25 were inoculated onto MS culture medium. The mycophenol.c 
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EXamPU ' f a 7 to 10-days ..Int. of NCAIM (P)P 
The soores from a 7- to iv/ uajr 

t nni strain grown on slant agar containing 
5 001269 Penicillium vaksmam strain gr 

n .vtract and yeast extract were washed off with 5 mi 
I,! : . T, L 100 ml of MI inoculum cuHure medium ster.. 

a 500 in, Erle.meyer Has, were inocu.ated wilh - 
^pension. The composition of the M. cu,,ure medium was as fol- 

10 lows. 40 g 

glucose 

5 5 g 

casein hydrolysate 

3 g 

sodium nitrate 

potassium dihydrogen phosphate g 

, • , 0.5 g 

potassium chloride 

K 0.5 g 

magnesium sulfate 

0.01 g 

iron sulfate 

in 1000 ml of tap water 

Before sterilization the pH va,ue of the culture medium was 
adjusted ,0 6.0 and the sterilization was carried ou, a, 12.-C for 2 
minutes. The cuUure was shaken on a shaking apparatus (250 rpm 

,-. a fo, 1 davs then 100 ml of culture medium A2 
15 2.5 cm amplitude) for 3 days, men 

sterilized in 50 Erlenmeyer flasks of 500 ml volume each a. 
for 25 minutes were inoculated. 

Composition of the culture medium A2: 

80 g 

glucose 

10 g 

trypcasin 

in 1000 ml of tap water 

The sterilization was performed a. 121 -C for 25 minutes. The 
20 flask was shaken ou a shaking apparatus (250 rpm, 2.5 cm ampl- 
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„ . C The active substance content of the fermentation 
,„d.) a, 25 C. The ac ^ fermentaUon 

bro ,h was determined by ustng ^ 

■ f „ , 68 hours and mycophenol.c acta w 
W as conttnned for 168 ho fermenta Uon broth con- 

ftom the fermentat.on broth. From ! l 
tai n,ng3.00 mg/Uter of mycophenohc acd, the pro 

,.,ed as follows feimentation the P H vaiue of the fer- 

Aft er complet.on of the form ^ 
m en,a,ion broth was adjusted to 3.2 0 2 b y 

of 20 w% , th en rrrnr nle oentiy, after sepa- 

ml of methy.ene chiortde for one ^ 
rati ng the Phases the a q „eons phase was extra 

of me.hy.ene chior.de as described a bov . T h com ^ 
.hloride extract containing mycophenohc acid w 
" , and 2X250 m, of 5 w % sodium hydrogen carbonate so u 
5 ;:r T he combined .neons ^ 

20 evaporated under reduced P»'»». J cUrified with 

dissolved in 88 ml of isopropyl alcohol at BO t, 

g of active carbon for 30 minutes. After filtering the ac . ve 

eooied ro room temperature and ...owed to stand a, 0 to C o 
nig h, The crystals were filtered and washed once w.th coo.ed 
propyl alcohol and twice with n-hexa„e. The product obtatned „ 
30 d r ed at 50 to 60 -C nnder reduced pressure. Subse q ue„„y he 
d ed product was disso.ved in 55 m> of ethano, at an externa, tern- 
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of 60 -C «h» 22 .1 of d.io„i«d water were dropwise 
perature of 60 C ^ The s0 , utl0n was 

added under .»™. j * to stand at 0 to 5 . c 0 ve, 

ooted to room " mpe "' Ure were washed „ n ce with a 4:10 

night. After fil.rat.on the crystals w f . 

mixtur e of ethane, and water and ^ " , „ g „ pure 

nally under reduced pressure a. 50 to 60 C 
mycophenolic acid. 

Melting point: 141 °C. fn11oWS - 
The spectroscopy! data of the product are as follow, 
UUravrolet spectrum (in a concentration of 20 ,g/ml - 96 
ethanol with a layer thickness of 1 cm): 




15 



20 



25 



TR- 3415" 1745; 1710; 1625 cm 1 ; 

... tt TV o a? ft 7=8 Hz, Zti, n 2 

,w 7' CH V 2 30 (t, J=8 Hz, 2H, H,-3), 2,42 {I, 
3H, 7 -CH 3 ), i, 6 '.OCH 3 ); 5,16 (s, 

2); 3,37 (d, J=6,6 Hz, 2H, H 2 -6); 3,76 (s, 3H, 

2H,H 2 -r); 5,25 (t, J=6,6 Hz, 1H, H-5); 

, C . NM R (CDC, o TMS - 0 ppm): 11.3. 0 <7--CH,) 5 
CH V 22 5 t (C-6); 32,7, t (C-2); 34,1, t (C-3); 60,9, , (6 -OCH,). 

t C«-i 106.3. . CC W . . CC., ?S 1«.0. - C« J 

122 ,9, d(C-5); 133,8, s(C-4); 144,0, s(C-7a'); 153,6, s(C 4), 

163,6, s(C-6'); 172,9, s (C-3'); 179,4, s(C-l). 

Mass spectra 

Electron ionization (EI) mass spectrum 
Characteristic spectral data: 

E1 (70 eV): m/z 320 ([M]"); ^ ^M-H.O] ); m/z 247 
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([M ,CH J CH,COOHr)-, - ^ 
([C n H n 0 4 r);m/zl59 ([C 10 H 7 O 2 ] + ). 

Chemical ionization (CI) mass spectrum 
Characteristic spectral data: 
5 ci (i-butane): m/z 321 ([M+H] + ); m/z 320 «M] V. »/■ 303 
([M+H - H 2 0] + )- 
Example 3 

5 l of productive cu.ture medium A2 sterilized a, 12. -C for 
45 m nu.es n a laboratory fermen.or of 5 L wording vo.ume were 
„ „: u a d » ith 25 „ m , of the shahen cu.ture inocu.um prepared as 
elled in Exampie 2. After inocu.at.ou the fermentor waa op r 
a ,ed a, 25 -C by «.U.. 120 Uh of sterUe atr and h 
ra ,e of 400 rpm. The fermentation was couttnued for 168 hou s, 
„ lycophenoHc acid was iso.ated from the fermentaUon broti, 
15 Xh e ob ained fermentation broth <* 4.9 L -tained 2000 mg, 
LycophenoHc acid a, the end of fermentation. The 
ac id was isolated from the fermentation hroth as descr.oed ,n 
Example 2. 

Example 4 

20 5 L of production medium A3 sterilezed in a laboratory fer- 

m entor at 121-C for 35 minutes were inoculated with 250 ml seed 
culture prepared as described in Example 2. 
Composition of the medium A3: 

glucose 80 g 

NZ Amine YTT (Quest) 10 g 

in 1000 ml of tap water 

The fermentor was operated at 27°C with 120 L/h aeration and 
25 400 rpm agitation. The fermentation was continued for .68 hours. 
2 obtained 5 L fermentation broth conta.ned 2550 mg/1 of my- 
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u Mic acid was isolated from the fer- 
cophenolic acid. The mycophenohc acid 
station broth according to the Example 2. 

Example 5 

eriseoruber strain 

IhCAIM (P)B 00.2751 gr ow. on CM aga, s.an.. 
Composition of the agar culture med.um CM. 

25 g 

glucose 

2 g 

peptone 

yeast extract 1 s 

magnesium sulfate -water (1:7) 0.5 g 

potassium dihydrogen phosphate 5 g 

20 ' g 

agar 

in 1000 ml of distilled water 

ml of ,he suspension were inocuia.ed to , 00 m, of s.en « 
in0 eu,u m cuUure medium MB in an Erienme.er flas. of 500 
10 volume. 

Composition of the culture medium MB: ^ ^ 

glucose 3Q g 

malt extract ^ 

yeast extract ^ 
magnesium sulfate - water (1:7) 

in 1000 ml of tap water 

Before s.eriH,a,on ,ne pH va.ue of ,he euiture « « « 
adju s.ed to 7.0 and the s.eriHza.ion was carried ... a. .2 
« ,es The cu.tures were grown on a shaking apparatus (250 

25 minutes, ine cuuuic of the 

, x „ in o C for 3 days, then 5 ml eacn 01 

seed cultur steri Hzed byconversion 

500 ml volume each to 100- iuu m 

„■ MRT each having the following composition: 
culture medium MB 1 eacn navi 5 
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20 g 

glucose 10 g 

malt extract 5 g 

soybean flour 10 g 

peptone ! g 

magnesium sulfate -water (1:7) ^ § 

potassium dihydrogen phosphate 

in 10 00 ml of tap water ^ medium was 

Before sterilization the P H for 25 

m ,„„tes. G.ucose -»"" d SeI,a ; a h , ;^ sks were shak en a. 28 -C by 

5 usins a sh r g ::::: s Z — - — * in ^ 

To the 72-hour cultures my ferme ntation 

■ j,, a final concentration of 0.1 mg'mi 
was added to a ftn ^ ^.^ At the end 

*» -nttnned for further » ^ ^ l ^ ^ ^ 

of the bioconverston 2.0 L 

•• - r ::,';:r:r.,r 

- r rrzrnrri-. 

..,..,.,».. . ' ,„„.,.., » 

a aa5 to 0 2 mm; Reanal, Budapest; 
(particle stze 0.063 to 0.2 , ^ o( chl<> _ 

cr uoe product was apphed onto the coin and .„ 

ro fornt, methanol and 99.5 % acet.c ac.d ( * . K • 

20 th e course of chroma,o g raphy the above m.x.u e w 

opi„ g solvent. At the colantn TLC on . 

j j tnP fractions were analysed oy 
each coueeted > d h -c ^ ^ 
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rt The fractions mainly containing mycophenolic 
in ethanol reagent). The ^ ^ deio nized water were 

aci d amide were combined, then ^ ^ 

— h vr;:rr-:- — soiut,on d 

- adjUS,ed , t0 of the phases .he aqueous phase was ex.raeted 
5 After separate of the p ^ eyaporated 

with 4 0 of eh.orofon. »» obuined (Q , g) was ag a.„ 
under redueed pressure and the pr ^ q( 

» « ta -r-r.^' :"Uana,, B.aapest, 
Kieseigel 60 (part.ele ..... 0.063 ^ a 

a dsorben, The draining .0% of 

— « " — ^ TltrhTe;; « tate content of .his mU- 

10 'each subset,.., e.ution. U - 

„r. was ..creased by 10 A ^ ^ 

course of chromatography, fract.ons of .5 .. 20 
.negated hy T L C under .he ^^ ^^ J etnyl 

„ f inves.iga.ion a mixture cons.st.ng of benzene 
course of invesuga. oroduct was 

ace.a.e was appHed as ^°>™J™ f ™ ^ ^ 

dUsoWed from the co.umn by ..... -t.re ^ ^ 

nde and e ,y, --;;;;; c 7: e v ora,ed y .nder reduced pres- 
3 tions contatn.ng .he prod.c. w P myc0 phenoUc acid 

sure to obtain 0.2 g of chroma.ograph.cally p.re my P 

amide. 

IR: 3433; 1737; 1665; 1622 cm"; 

'H-NMR (CDCI3, o TMS = 0 ppm): 1,80 (.. 3H, 4 CH , 2 14 ^ 
^ 9 11 (. 4H H,-2 and H 2 -3); 3,39 (d, J=6,3 Hz, 2H. 
25 3H, 7'-CH 3 ); 2,31 (s, 4H, n 2 

H,6); 3,76 (s, 3H, 6'-OCH J ); 5,19 (s, 2H. H.-1 ), 5,21 

Hz, 1H, H-5); 

, C -NM R (CDClj, S TMS - 0 PPm): ...4. , (7--CH.,; 1..0. , <«- 
3 „ CH,, 22,5, . <«> 8 3.2, , (C-2, S4 , . («,; . - <« ' 
70.0. « (C-n: 106.3. . (C-3.- ): 116,7, s(C-7), 122, 
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1 «,.5,.(C6->; "2,8, . (C-3-); 17«A • (C-l). 
Mass spectra 

Electron ionization (EI) mass spectrum 
5 Characteristic spectral data: 

BI (70 eV): ([Ml") 3». C*.™.: m/z 302, C H O ^([ 

„ „ xin r rM - H,0] + *); m/z 261, C 15 H, 7 U 4 , 
NH 3 ] + *)i m/z 301, C 17 H NO ([M ^ 1 ^ ^ 
([M - 'CH 2 CONH 2 ] + ); m/z 207, C n H n 0 4 , UM 
Chemical ionization (CI) mass spectrum 
l0 Characteristic spectral data: _ 

CI (i-butane): ([M+H] + ) 320; ([MD 319; m/z 303 «M 
- NH 3 ] + ); m/z 207 ([M - •C,H B CONH a r). 
Example 6 

The preparation of .he inoculum culture and byconversion 

of S( re P <o».yc* S i"» 1/28 

00.276] grown on CM agar .1... as describee in Example 5_ 

At th e end of «be byconversion ,he fermen.auon bro.h of 4.5 
L volume was extracted as described in Example 4. By evapo^h 
of the extracts under reduced pressure 3.8 . of erode product w e 
obtained, wbieb was pnrified on a chromatographic column pr - 
pared from U4 g of Kieselge, 60 adsorbent Cparttc.e .,». 0.063 to 
0 2 mm; Reanal). In tbe course of purification by chromatography 
mix ,ure of chiorofortn, methane, and 99.5% aee.te ac d 
(8 5 „ 5.0.0!) was emp.oyed as deveioping system. Duong chro- 

,,,,„ m ml each were taken and analyzed 
matography fractions of 15 to 20 ml 

■ k A in Fxamole 5. A mixture comprising chloro 
bv TLC as described in Example j. n 

form, melhano, and 99.5% acetic acid (8.5:1:5:0,) was employed 
as developing system. The fractions containing mainly hy- 
oroxymethyl-mycophenolic acid amide were combined and the so- 
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d before the evaporation as described in Exam- 
lution was processed h fo e ^ ^ „, the solu . 

„. 5. Tbe prodne 0.4 g) phy on . coiumn pre- 

tion was subjected to a farther ^ ^ flj mm; 

^rjr'Sti^ — - — d '"d 

rrr— — — s ,r:i: n :;m r 

cloved the methanol content 01 
ethane! were employed, t chroma .ography free- 

creased by 1 % in «ch elu.ton. During 

„.., each were taken and analysed by TLC nn 
ti ons of 10 ml each ^ ^ c0 , umn 

„ tions described above. Th prod ^ 
by using chloroform contammg 5 /. 

„ the product were evaporated and the produc 
containing the proouc solvent on a col- 

(0 3 g) was further purified by using methanol as sol 

• • . 300 ml of Sephadex LH-20 gel (Pharmacia, Swe 
um „ containing 300 " I O J chromatograph y, fractions of 10 
15 den), in the course of gel ftUratio ^ ^ 

ml each were taken analysed by TLC 
scribed above. The fractions con.ain.ng the pure pr 

20 acid amide. 

Spectroscopic data of the product obtained: 

IR: 3339; 1735; 1657; 1615 cm" 1 ; 

/^■u a & =0 ppm): 1,80 (s, 3H, 4-CH 3 ); 

25 2 ,25 (s, 4H, H,2 and H,3) .3 U«. ' ^_ ^ ^ „. 

3H, 6--OCH,); 4,66 (s, 2H, 7 -CH.-OH), 5,/ 
5); 5,40 (s, 2H, H,-l'); 

,. C -NMR (MeOH-d 4 , o T „s - 0 ppm): 16,2, , ^>*"£ 
a -Xf, 5 t (C-2 and C-3); 57,8, t (7'-CH ; -OH), 62,9, 
30 (C-6); 35,3, t and 36,5, t (C 2 a g 
q (6-OCH,); 71,5, « (C-D; 108,2, s (C-3a ,,122,0, 



PCT/HU00/00099 
WO 01/21607 - 23 - 

(C ., Md c,, ; - ; ; c ^;r: ^T 1 

,56,1, S (C-4'); 164,1, S (C-6'); 173,7, s(C 



Mass spectra 

(+) and negative (-) FAB spectra 



Positive 

5 ch „ Mttrirt . spectral ^ ^ [M . 

+ and - FAB (xenon, 9 kV). IM nj 
-H]" 334. 
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1. A microbiological process for the prep 
of general formula (I) 



Patent claims 

aration of compounds 
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CH 3 0. 
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R 2 OC, 
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OH 





(I) 



, , , rai „ able to biosynthesising mycophenohc ac.d 
wak sn,ani fungal stram able nitrogen 
on a culture medium containing asstm.lable carbon 
Lees as well as minora, salt, at 22 ,0 30 separat.ng the .„»- 
oond of genera, formu.a (,), wherein R, means methy, group and 
5 I stands tor hydroxy, group, from tbe fermentation brotb and, ,f 
oesired, purifying i, and, if desired, bioconverting ■« 

by using the cultures of S.rep.omyces g r,seoruber No. 
Inomycete strain deposited a, ,be Nationa, CoHeCon 
„f Agricultural and Industrial Microorganisms as S.rep- 
,„ m yL s P . No. „. under No. NCAIM (P,B 0.1273 to 
prepare a compound of genera, formu.a (1), where.n R, 
me ans methyl group and R, stands for amino group; or 
b) by using .be cultures of S,re P ,o m yces resis^yc. ^s 
L „„ actinomycete strain deposited a, .be Nafona, 
Col.ec.ion of Agricultural and Industrial Microorganisms 
under No. NCAIM (P)B 001276 .0 prepare a compound of 
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^ 25 - W 

gr oup and R, s.ands for amino group 

PAntainine assimilable caroon 
on a culture medrum c rged> aera(ed condi . 

tions UP ,o comple. o of «he ^ ^ ^ ^ „ 

compound of general formula (.1 
desired, purifying it. 

.„ Claim 1, wherein the PenicilHum 
2 . Process accord.ng . C arm ^ 

, ^ain deposed a, .he Nsl o. 

tural and lndus.rial Microorganrsms under 

00,269 or a mu.an, s.rain .hereof, wh.eh ,. able ,o b.osy 

my cophenolic acid is cultivated. 

15 3 compounds of genera, formula (I), wherein R, means 

me,h y l or h y drox y me,hy, group and R, stands for am.no group. 

4 ( E>-6-<l,3-dihydro-4-hydroxy-6-me,hoxy-7-me.hy.-3-oxo- 5 - 
iS obenzofuranyl)-4-me«hyl-4-hexenoic acid am.de 

5 ( B).6K.,3-dihyd.o-4-h y dr„xy-6.me,uoxy-7-hydroxy-me,„y> 
. 3 . ox o-5-isobenzofuranyl)-4-me«hy>-4-hexenoic acid am.de 
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(57) Abstract: The invention relates 
to a microbiological process for the 
preparation of compounds of general 
formula (I), wherein Rj means methyl 
or hydroxymethyl group and R 2 stands 
for hydroxyl or amino group, which 
comprises growing a Penicillium waksmani 
fungal strain able to biosynthesising 
raycophenolic acid on a culture medium 
containing assimilable carbon and nitrogen 
sources as well as mineral salts at 22°C to 
30°C, separating the compound of general 

formula (I), wherein K x means methyl group and R 2 stands for hydroxyl group, from the fermentation broth and, if desired, purifying 
it and, if desired, bioconverting it a) by using the cultures of Streptomyces griseoruber No. 1/6 actinomycete strain deposited at the 
National Collection of Agricultural and Industrial Microorganisms as Streptomyces sp. No. 1/6 under No. NCAIM (P)B 001275 
to prepare a compound of general formula (I), wherein R x means methyl group and R 2 stands for amino group; or b) by using the 
cultures of Streptomyces resistomycificus No. 1/28 actinomycete strain deposited at the National Collection of Agricultural and 
Industrial Microorganisms under No. NCAIM (P)B 001276 to prepare a compound of general formula (I), wherein R, means 
hydroxymethyl group and R 2 stands for amino group on a culture medium containing assimilable carbon and nitrogen sources as 
well as mineral salts under submerged, aerated conditions up to completion of the bioconversion, then separating the compound of 
general formula (I) formed from the culture and, if desired, purifying it. 
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